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High resolution spectra obtained via sum and difference frequency generation are presented for the mixed crystal system azulene in napW 
The fully resonant susceptibility x(2) has h n e narrowing capabilities and predicts dephasing induced resonances related to the P I E R - 4 a n 
resonances known from x{i) spectroscopy. 
Introduction 
T h e in terac t ion o f two l ight waves w i t h f ie ld ampl i tudes E1, 
E2 a n d frequencies a>,, OJ2 leads to the generat ion o f new light 
waves at the s u m a n d di f ference frequencies OJX + OJ2 a n d OJ2 -
(x)x. T h e source for these new waves are the non l inear po l a r i za -
t ions : 
^SUM - ^StJM r ^ l 
(I) 
T h e susceptibi l i t ies x{2) c on ta in i n f o r m a t i o n about the level 
s tructure a n d dynamics o f the sample molecules . W h e n the fre-
quencies are chosen close to resonance w i th a 
a < b < c the dominan t cont r ibut ions to x(2) 





{(Oh2i -OJx+ L r a b M c o c a - OJx - (O2 + if J 
^ca^ab^bc 
K a -ojx + ir a b ) (o> c a - O J 2 - \rj 
l + i - ^bc -
K b - Uo2 ~ ojx) - irj 
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re| , J a r e t n e t rans i t ion d ipo le moments , Fij the phase 
C j e ^ X a t l 0 n r a t e s > and COij = (Ei - Ej)/h the t rans i t ion frequen-
cOnt ° r e a c ^ l e v e ^ p a i r T n e c n ^ e r e n c e f r e Q u e n c v process 
I l i . l n s t w O t ime ordered diagrams w i th dif ferent o rder ing [1]. 
^ C E l t e r f e r e n c e D e t w e e n t n e s e t w o t e r m s r e s u I t s i n a so-cal led 
which r e S ° n a n c e (Dephas ing Induced Coherent Emiss i on ) 
P l s absent when the pure dephasing parameter r = T b c -
ac vanishes. S u c h resonances are k n o w n f r o m certa in *b - r 
X (3> 
where they appear pressure induced in gas phase 
and temperature induced in condensed phase [4, 5]. The 
den r e ' a x a t i o n parameters T a b and T a c in the resonance 
I e r e ^ i n a l 0 r S are dif ferent for # S U M and # D I F , result ing i n di f-
avW n a r r o w m S capabi l i t ies for bo th processes when 
* ^ged over inhomogeneous d is t r ibut ions [1]. 
S j n c e n a s D e e n neglected so far for spectroscopic app l i ca t ions 
lhe <r s u s c e P t i b i l i t y vanishes in centrosymmetr ic med ia in 
C P * . e a P P r o x i m a t i o n . P o l a r guest molecules doped into 
^ntro 
P airw* — n e t r * c host crystals f o rm po lar guest lattices w i th 
^nc ^ e g e n e r a t e I e v e I systems whose cont r ibut ions to x{2) 
(je C C l e a c n other. A p p l i c a t i o n o f a D C electric f ie ld w i l l l i f t the 
fr e r a c V (pseudo Stark spl itt ing) [6]. The choice o f resonant 
tice n C l e S a n c * 6 ^ 2 a ^ o w spectroscopy w i th one sublat-
i n d u ° n l y as shown schemat ica l ly in F i g . 1. Th i s Stark f ield 
I a r^ c e a" v a r i a n t extends the app l i cab i l i t y o f the method to a 
r e So n u r n r ^ e r ° f m ixed crystal systems. In add i t i on the non -
Wjjj ^ a n t s i gna l generated by the centrosymmetr ic host mater ia l 
free C V e r y S m a H > m a k i n g the method essentially backg round 
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Fig. 1 
s y s t C r n ^ i c r e p r e s e n t a t i o n ° f s u m frequency mixing in the three level 
naPhth t n e a z u l e n e vibrationless levels S 0 , S 1 , and S 2 in the azulene/ 
H b m a l e n e mixed crystal. The Stark shifts are indicated for both 
1^goi 
* with respect to the zero field case (broken lines), with the 
lr>g frequencies chosen in resonance with the sublattice I 
Results and Discussion 
S p e c t r a l l ineshapes \x{2)\2 for the Stark f ie ld induced 
S t a r ^ a a r e f ound f r o m E q . (2) th rough inco rpo ra t i on o f the 
s hi f t in to each con and summat i on over a l l sublatt ices. 
T h e s imulat ions i n F i g . 2 are based o n the parameters for the 
mixed crysta l system azulene i n naphthalene hav ing one subst i -
tu t i ona l site and two sublatt ices. T h e intensity o f the generated 
wave is given as a func t i on o f the de tun ing o f bo th laser fre-
quencies f r om resonance. The top part shows the s i tuat ion 
expected for Stark f ie ld strengths leading to level shifts s t i l l 
smal ler than the level w id ths . In the midd l e part the Stark f ie ld 
was assumed to complete ly separate the sublatt ices. T h e two 
lower plots show the behav iour o f x(2) when averaged over an 
inhomogeneous d i s t r i bu t i on . 
Azulene : Resonances In 
Sum-Frequency-Generation 
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Simulation of Stark field induced sum frequency spectra (left column) 
and difference frequency spectra (right column) in the system azulene/ 
naphthalene. Top: weak D C field. The splitting of levels is smaller than 
the level widths. Middle: strong D C field. Bottom: Convolution of the 
spectra in the top row with a broad inhomogeneous distribution 
modelled by a Lorentzian with F W H M of 20.0 c m - 1 . The parameters 
used are: T 0 1 = 1.00 c m - 1 , T 0 2 = 0.25 c m - 1 , and T 1 2 = 1.25 c m " 1 
corresponding to the low temperature limit of vanishing pure 
dephasing. The ratio of the Stark splitting of levels S 1 and S 2 is 1.1. The 
vertical scale is normalized to the maximum value in each case 
The spectra are domina ted by the l inewid th parameters T a b 
and T a c cor respond ing to the S 0 - S 1 a n d S 0 - S 2 t ransi t ions i n 
azulene. In the dif ference frequency spectra these resonances 
appear direct ly i n scans o f Coi and co2. F i g . 3 shows the experi-
menta l results. T h e spectra cor respond to the thick lines i n the 
s imu la t i on label led w i th the same letter. In sum frequency 
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Fig. 3 
Experimental results, (a) Difference frequency with weak D C field and 
OJ2 scanned; (b) same with strong D C field; (c) Difference frequency 
with OJ1 scanned; (d) Sum frequency with weak D C field and co2 
scanned; (e) Sum frequency with strong D C field and cox scanned. Both 
lasers were narrowed to 0.1 c m - 1 with intracavity etalons and scanned 
by pressure tuning. The horizontal scale shows the monitor etalon 
fringes which are 2.2 c m - 1 apart for (a) and (b), and 1.1 c m - 1 for 
( c ) - (e). The vertical scale is arbitrary and different for each spectrum. 
The spectra correspond to the thick lines labelled (a) - (e) in the simula-
tions of Fig. 2 
generat ion scans o f O1 a n d o2 b o th y ie ld the narrower 
T a c , whereas the T a b resonance lies a l ong the l ine ox + 0)1 
const . Representat ive scans o f O2 (weak D C field) a n ^ u l t l 
(strong D C field) are shown i n F igs . 3 d and 3e. 1 
f requency the T a b resonance was f o u n d by m a p p i n g out the | 
o2 p lane w i th repeated scans o f o2 for var ious settings o ^ 
and vice versa. A detai led descr ip t ion o f the experiments 
results w i l l be g iven elsewhere [7]. . 
T h e me thod has p r om i s ing aspects for l ine narrowing SPc ^ 
scopy as exempl i f i ed i n the lower part o f F i g . 2. A ^ 
inhomogeneous d i s t r i bu t i on has been super imposed on t 
the S 0 - S 1 a n d S 0 - S 2 t ransi t ions w i t h the add i t i ona l a s s u m p t i 0 ^ 
fu l l co r re la t i on between bo th d is t r ibut ions [1]. The sumi 
quency spectra reflect just the b r o a d inhomogeneous 
whereas the di f ference frequency spectra show a mixture o 
homogeneous l inewidths . T h e picture is reversed for assu111 
ant i cor re la t i on o f the inhomogeneous d is t r ibut ions . ^ 
cor re la t ion is real ized i n the D o p p l e r d i s t r i bu t i on , whereas 
degree and sign o f cor re la t i on is usua l ly u n k n o w n for soli^ s ' 
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We have studied the process of optical second harmonic generation in thin surface layers between centrosymmetric materials. The surface su^ ^ 
bilities are dominated by the electronic properties of adsorbed monolayers of dye molecules. Through the appropriate choice of dye one 
electronic resonances can be employed in the process leading to dramatic enhancement of the generated signal. 
Introduction 
W h e n a s trong laser beam hits the boundary between two d i -
electric med ia , two waves at the second ha rmon i c frequency are 
generated in f o rward and b a c k w a r d d i rec t ion [1]. In piezo-
electric crystals these waves are determined by the second order 
suscept ibi l i ty x{2) o f the bu lk , and the reflected wave C a f l 
used to measure this tensor [2]. W h e n bo th med ia are cet[i 
symmetr i c , however, the bu lk contr ibutes on ly quadfltf 
terms, and a l l d ipo le cont r ibut i ons are con f ined to the 
surface layer where invers ion symmetry is b r o k e n . The re f l^ 1 
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